This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to) : 

■ 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 




1 05-299779/ Nov. 12, 1993, SURFACE LIGHT EMITTING TYPE 
SEMICONDUCTOR LASER; KATSUMI MORI, HOIS 3/18; H01L 27/15; H01L 31/10 

05-299779 L2 : 1 of 1 



ABSTRACT : 

PURPOSE: To easily provide a surface light emitting type semiconductor 
laser incorporating a photodiode and having a superior reliability, a 
high yield and a superior characteristic. 

CONSTITUTION: In a semiconductor laser having a resonator perpendicular 
to a semiconductor substrate 102, a detecting section 121 having the same 
structure as a light emitting section 120 that the resonator constitutes 
is produced. A II-VI compound semiconductor epitaxial layer 109 is buried 
in between the light emitting section and the detecting section, and the 
light emitting section 120 and the detecting section 121 are isolated 
from each other by an isolation trench 122. Reflected light of an output 
laser beam is introduced into the detecting section 121 from an exposed 
part of the surface of the detecting section 121, whereby the intensity 
of a laser beam is detected. Thus, a surface light emitting semiconductor 
laser that incorporates a photodiode used as an APC circuit is 
constituted. 



? 

i 



PTO 98£854 

S.T.LC. Translations Branch 



(19)B*n#*rr (J P) (12) & §§ !|# |^ & & (A) 



#§^5- 299779 

(43)£B8B ¥tf5*P(1993)lUil2B 



(SDInta 1 
HOIS 3/18 
H 0 1 L 27/15 
31/10 



8934-4M 



8422-4M 



F I 



H 0 1 L 31/10 



(21) tiJfll#^ 

(22) tiiHB 



19074-103065 



¥£4¥(1992)4J!22B 



(71) £BA 000002369 

«mStr«EBf{« 2TI 4 * 1 ^ 

(72) «^« s jaa 

s»»aasie*« 3 T§ 3 # 5 -f a 

(74)ftaA #a± ** s=a (ni«) 



(54) u&Baozm mmM****-* 
(si) imm 

ass^ra* 1 1 -v i tMk^»imi(*a:t^dfi/^/n 

(109) TH^ii*. $&fcS5(120) t«aiS(121) ttRB* 
#1181(122) TftHLTtfK-r*. StfJ U— •TjfcORSt 

***ii»(i2i) mugn-mtKiHitibzz&kiti 

JtiS8(121)F*iS(CSIA-r6CttcJ:0. U— f#3**£ 



100 




» 



1 

&mzm$nx ^itimm&m^-r tan 
i!irie¥«tt««<oH-s«±{:B5i2«fi»<oajit R— 

-t*-. ffre^issk fne^ *v?4is- wfaztimmx' 

[st**2] fnes«wi*«oiUH, 
>r-f*-Fiffli. 1 1 -v i fcfl^^awfcre** 
^^/uBfawi^itTv^- k£#ak i 

t -r s nwcfl i s.tmsm 2 sn^s&Tts^fti— 

[0001J 
[0002] 

<vm&\s— f (KIT. r iH^t^*W— f J tIE 
•f) k LTte, «itf . 315 0 0!Gffi«JJI^#mtJt« 
£<0fIjrPfS* 353fl#p. 909 29a-ZG- 
7 (1989^9 JJ2 7 BSfcff) £G»i*3ilfci*>#»S>*l 
X^h. 

[0003] irtrim&t¥m*\'— f TJi. 8 
JlfcpIfA 1 Ga AsJlij«tlXnSA 1 GaAsHH 
&Sp-nft£IBTllJ£LTV>S. Clixti, pSGaA 

hi. 

[00 04] ztuznix. *raajraAtt, 

SSKLTV^ (88PP2-2 4 20 0 0*H . 

t#x-£&<?>x'+ft%i&&&mt>tii,zt. Ra« 

I/O**. 

[0005] znmft/emtk^— rut. mmz^t 

tzXolZ. 9tT. (402)nSGaAsS«tC (403)nS 
GaAsA'.y7T)g. (404)#ffiKWS5#JII8S7-. 
(405)nSA l M Gao.6As?77 KJH. (406)p2 
GaAs*i1£JB. (407)pSA lo.4Gao.6As^5»/ 
FJIfeJ:!/ (40S) \>S!.A I o. iGai.jAs3^? hJ§ 
irMg^iiSt^.i-H-- •';7.?*. (407> pSA 1 o. » Gao. 6 A 



[2) *HH l 5-299779 

2 

s ? 7 «r HJiJS .fctf (408)pSA l«.iGao.»As3y 

S&fc. i<ORtt«««OfflHt: (409)ZnSo.»«Se 
o. 9« &JB&LX WftS&t; LfrtttC. (408) pSA 1 
0 .iGai.jAs3^? FJi<O±ffi0X HSSJ: 9 

^SvMSIfifc (411)8W*£»R55-*IMrU ft 
£{C (410)pS*-5 -y?1K«. (401)ng*-5-/? 

[0006] 

io imwti&tL* a k-rtaH] *>*^®%3t^*u 

— fCfcvvt. 5^7J<OSWP£B*fc*>fc:»i. i WH*l' 
/*7-3y|»o-jMJaTAPCfclW\ ) 0»£fl|j£ 

w-t if-y r k 7 * h *4 *- f *irr* f- ^rutM* 

oTfc 1 ). i^)2O0f-yT4rl-5tfV«-y^— ytc^ai 

* h:T4:t-KT8tttiLTAPCBttS:«j£LTV*fc. 
[0007] ffifcJfc^SHfcl-— T<i. H 1 1 CiirtttC 

— TttfcajatLT. l2nbM!l:"*-*l'— rttkLTffi 
J8U ffcfroi'— r^i-t-^ffltcffiffl-fik^ojt^r 
ifefcteffi-fSwktfT'S*^. «^T. ififfcft***!' 
— TTtt. U— f f- y T k liSICISSn- i 7 * b 94 * 

[0 008] L*'L^r* { f>. *^Bft#<r>«t7(wJ:<x«f, 
fne^J:3^^5:fflv^&k. ttTOJ:7 s flrWltr4t 

30 

[0009] amf&t***^-' f J-flUR-ri^*-?- 

SDSn^h^tffinrti. 

[0010] QWM&t ! mi*l'—f J f-yTb7*b94 

*-Y+ V Tim*£.%3ii>x. i m+imfct hti 

40 **W--tf<0^rA6S* : t2iXjcE5il3!> f5 Ifl8kv>-> 
[0011] *«BH»4C;<oJ:d=0:PH$-l»»-fitO 

[0012] 

50 li, ^SH*S«t:SiS^ian^SrtiI8t-f4^3^^l$ 



(3) 



tfRHP5-299779 



aw>-«c«ffe»*L. anitmzsiite-t. vis. 
[ooi3] mz&vxvmfcmoftw. Rxms.7 *• 

h^^-HIWi, I I -v i ^k^j^p«txt^^ 

too 14] tn, miytVf^^-^cr^mtD-u 



fOOl 53 

*h^4:*-K£pg-S^Cft^*£fc{wJ:D» ffl 

-rhzt#tt<Kc'). mm.*mw\'—f<r>m)\s— «r 

[ 0 0 1 6 ] it: . 7 * it- Y\t^WxVK&i& 

—fmmtftvi i 7 * h r •< *- fih* t L-cttffl-c 

^SSSStC, &®i l&KftSFI&tKch. 
[ 0 0 1 7 J ft#T**S<0fflB*7 * YYA *—Yt 
<ora5r I 1 -V I *fc£*i¥Wfcxe**i^/WI?« 

[00 1 83 7*- h^tf-KfaSOSitiU: 

[00 19] 

[HMW3WT. **^05liSWtco^T . 0ffi£SH> 

[0020] ( sum i ) 0 1 »i*&Bfl<7)35 1 comtm 

yptmwmffiO. it:, 02 (a) - (f ) |±3K9S 

[oo2i] we. *mmwtz&£>i,¥mt*i'—? do 



0)o»«i>J:tfKei8fcovvc» B2 ( a ) - ( f ) 

[0022] (102)nSGaAsSfi±C 
(103)n£GaAsA*7T*£j»£U nl 
A 1 o. 7 Gao.3 A sJii: nffiA 1 ». i G ao. 9 A s Mfrh 
tt 9»£8 7 0 n mft>S*»fcfC*f L 9 8XJjLhOR«* 
Sr^3 C<TO (104)#ffiR»ffi£«BU 
"f fJV^T, (105) nSA l«.«Gao.eAs75*F 
(106)pSGaAs«3tt*. (107)p£A1o.«g' 
10 ao.«As?5-r HJI. (108)pSA 1 o. iGao.sAs 
3^^h«, MOCVD£TXtr**x-wP 
(02 (a) ) . C<0t^, ♦SUMtrtt. 
j££fiK* 7 0 0X:t U «£E*£l50Torrfc 
L» 1 I I St&ftfc LTIiTMG a (Ml^f-^U^ 
A)£J:CTMA1 ( hU^^TA'S-'>A) <7yt(l 
VfiMfikLTttAsHa nfiH-^h 
kLTttHj Sef. plSlF—rty h b LTteD E Z n 

[002 3] O-e^a. «6CVDffi{I«t-5T, Siifc 
20 (112)SiOi *£JBj£L. SfctC. Rfctt-fsfyt- 

(imisisxhvwtotvti&xcwtm&v&vin 

«aiSS^SLT. (107)pSAl(>.4Gao.6As^5<5' 
H«<OJfc*iT. X-y-J-V^ff? (H2 (b) > . £ 

*5UtWCIi. x-yf-^^xtLTJigJRtT 
*-rfv«a^Mn*Ii:l:U #XE£ 1x10 
•'Torrtl. 9lJttL«St4 00Vt-fi. ££ 
T\ (lODpfiAlo.iGao.sAs^^-yHJKO^'t'i 
T-L36>x->-^->^t'5:v»<0{i. SttJKOTkT^iajOftA 

[ 0 0 2 4 3.^3>i3CtC. £tf> (107)p^Alo.«Gap.6A 

s?77h'iic. a»ii*«s-m^6. £*>**> 

iJCtC, MBEfc5SliMOCVD£friffc:J:9. (109)Z 

nSo.osSeo.^JlSrSlWi^^?^ (02 

(c) ) . 

[00253 ©actC. (112) S i Oi JiS-^iL. «V> 
T. (108) 3 hfli^ffiC4'<ro (lll)S i Oj 
40 / a - S i SWft^flK 5 y-Z*?t-J>m*£X 
9&18.1. BU&&4*yxv+y?& (WT. r R I E 
£j tltf ) JrfflV^K^-fx-yf-y^r. %3KS<Og 
iO^/h^olilSS-SLTKOii (02 (d) ) . 
COi3Ufc^*R= i««87 0nmT'ORIt* 

(i. 9 4%Tfct. 

[ 0 0 2 6 3 ®? 4.(C. (120)*3tSt (121)«ajS«r 

(uziftmm&m&tiKihiz* nv (ii3)u 

i^XhJ-e^^tLT. RI BE&fcfiMT (107)pfi 
A lo.4Gao.6As^7-/HiB«0^4'iT'X-y-f->'^S- 
50 (02 (e) ) . 




(4) 



-299779 



100 2 7] ^mizam <ni)$g 

»t mo)pS#-s -/7§fis-8aj-f&. *<obk & 

(C (102) n IE A 1 o.iGao.9Asggg|(C (101) 
-$-/?§S*3£0-f£ (02 (f ) ) . *UT. fi® 
fc. Ni«a^4f. 4 0 0*007*04 f/fcff 3 . 
[00 28] &L±(r)xmizJ: 0 . HHcij?L.Vt:J:5*, 
y^S3ttl»«3JiO (120)$fe3fc&fc*£jfcSi;H— <o«3Ji£ 
(121)«iaJS5$-rti (KKWffiJBK^^U— f 

[ 0 0 2 9 ] 03 1±. ^mwcDMSg/t^mfri—r* 

'ivr-itt&eii Lt&tn-M&K it:mmx-t>& . 

(120) lEJKSS**^ SMtiSiUt (123) U— <f3fc<0-S«. 
(124)^7X-CRIt3^ (121)t&ifm:£EA3*l&. 

[ o o 3 o ] H4 (i. *mmnw&it?mtov--r<r) 

foomix&cnsmi&cw l $ \ ^immitx-itu—f 
^At^aj-rfig^^^T**)^^, ^ass-fijflffi 

p n&££j&K>r TAt-frlltZtlZXO . fcifSSS* 
[00 3 1] (^ISW2) 05<i*^<r)S2<O||ifiW 

t7FrtmtmTt> 0 - 4fe. 06 ( a ) - ( f ) (iSf* 
^*fi£«(^Jt6¥©«cU— T (200)Si&XS2-^-fBfB5- 



10 



20 



[00 323 *5?ffiOT<7>4^feU— f (200) li, «5fcS? 
a^aiSJtt, (208)pSA 1 o.iGao.sAsny?? 
K®* 1 ^ (205)nSA 1 o.4Gao.sAs^7-/ Hfl<0— 

S. 

[ 0 0 3 3 3 ETF. #fS&W<9fiMcfc«fctf8S31Igi::o 
HT. 06 ( a ) - ( f ) tCL^oTlttWS. 

[ 0 0 3 4 3 ©4 "f. (202)nSGaAsSCLh(C, 
(203)nSGaAs/vy7r)15-^l£L, SMC. nS 
A 1 As/Bt nlA lo.iGao.9AsJB*>t>$: , )&£8 
7 0 n mWA<r>%t,znL 9 R%UL±.(r>5.ttmtftr> 3 0 



T, (205)nSAlo.4Gac.«As?7vKCL (208) 
pSGaAs?S&EL (207)p§A 1 o.«Gao. s As? 

(208)pSAlo.iGao.9Asa>-^^hS 

K SB*. MocvD£rxe?*i'T/Hfcji$-£$ 

(B6 (a) ) . COt*. :$35J&WTIi. JfcgfiSS- 
700"Ci:U J&gEJ&l 50TorrtL. Ill 
StlBftfc LT«TMG a ( HJjt+MfijQA) 
TMA 1 ( hUpf^TA'S-^i*) OStQfcgfc. V 
Slia?»tLT«AsH3 nSH-/t>-htLr«H ; 
« Se^. pSF— yt>hfc LTJiDEZn (£*x**' 

[ o o 3 5 3 @*<o«L acvD&tcj:-,T. Hist 

(212) S i Ot JSttWU ?*>fc. R I BEttKi 
0. (213) V Vx h TSi)il/c&#<Of63£&fttft&fiig5 
SrSLT, (205)nMA lo.tGai.sAs^7? FJS*> 
fc+iT. X<9+>y*fii (06 (b) ) . £«5B. 

tom&tfXZm^&ZktL. #-*E£l x 1 0" 3 To 
rri:L, 3iail.SEE£4 00Vi:f6. 

[00363 ®&£. ^ox-/^->-r®Ja±c. «tf>a 
<213)W*htJR9|fc£, iKtc/MBEaaaaiMoc 

VD&=S:t'CJ:0. (2D9)ZnSp.osSeo.»4ig5-Stf> 

(06 (c) ) . 
[0037 3 (212) S i Oi JB£|fc£l. f$ 

^T. (2Q8)3>'?7 hJS^M(C4' , sT<7) (211)Si 
O: /a - S i i5S&«:£JiB8$ tf-AJI&C 
•fcDJ&SU RI EffiS-fflV^K^-fx-zf-^T. f| 

30 Sft^SK 5 7 -CO, 7 0 n mT'<0E3t#l±. 9 
4%Tfci. ?^>t. (221)«iaiSS<OflH<0-fflt (21 
5)SiO t l8S«c®5:STt*-A3g33rfj£L. ^JUS 
Hffi<0£8ti?£i5k&8 7 0 nmf 1 0%filT{C^r6J: -p 
tcffiS?r$iI®-r& (06 ( d ) ) . 

[0038 3 (220)563tS5t (221)«aJS«r 

xm-b (222)fttmtB&thtz*>tz, mi/ (213) u 

v*hir-7*:?tcLT\ RIBEffitfflV^T (207) pS 

A I i.iGai,(As^7'» K/SOji'piTX-yf-y^Sr 
.- (06 ( e ) ) . 

40 [0039 3 ®L*»4ta£. (211)^*^835 7- 
at^ (215) SiO: mWmVM-tr&mz (210) p S^" 

^SLTlS<. Sf>t (202)nS5GaAs2«(H(z (20 
l)n£bl— = -/?^£ir&5g-$-s (H6 (f ) ) . -f-L 

t, aat. N: mB%'i'X\ 4oox:<orD>f y^j- 

( 0 0 4 0 3 I&hOX&C J: 0 . 05CinLK:«t5 : S:. 
atf>iiAI8Jft<r) (220)IBtS8t%itSBtP3-wfi3JiJ:f$ 
=i0 o/L' (221) WifcS £lTf& (^ffi^CWttP-ifS- 



(5) 



*fRPP5 - 2 9 9 7 7 9 



8 



C0 04 1] z(nxotzLxfm.Lt:*mm<7) (ax» 
«, L?v^eaa36*imAt««>Tfi<, ttz. kxb 

[00 4 2] *3SJtflTli, MftSSifilc&Stt 
«TOKft$$- 1 0 XOTC-f * J: 3 CRIfMtBft 
i^tCJ:*). BiSVt&l&tKtolii'thZkittmk 

[0043] xttm. ntt«2ttawi*«tci i 

- V I Bfc£«j¥*«cT** Z n So. es S e o.9«J|*Jll 
v»*CfcfcJ:9, *OJSH£i/itta>£, m*T»)fcSfct* 
aJS^SSMWHHfcO^tg fc T fc» * . 

[0044] (£tt0!3 ) ®7is.*3m<om3<rmwi 

tztiVhtmftU—f 600) 0%3tSf Rl^ttaJSf<Oirffi 
£*jrf#£ST'J> 0 , H8(a)-(f) &1499 
(a) »iSS9UtWt=fc^i*3lftU— f (300)<DfBS 



[00453 *Httfl*Oi*m*U-if (300) li, (307) 
pSA lo.5Gao.5As?5-/KJB£. 5v>tclc#Sfil 

ifcOHJfcW 1 & J: l/HSSW 2 b »5r £ . 
[0046] JUT, *5l*f[^flll«fc itXKiSietCO 
^T08 (a) ~ ( f ) 2tfX09 (a) (cL^'oTItt 
Wi. 

[0 04 7]<D£-f, (302)nSGaAsS«±C 
(303)nSGaAsyN'-y7r«?&^L. £f>t, nS 
A 1 o. iGai. i A sMb nSA It.iGac.iAsV/i^ 
fcO^ftT 8 0 n m£4>4>£± 3 0 nm(?>ftlztflX 9 
8%llfc<OSSt$5r**o2 5'<T<0 (304)*3*ft£»R 
57-i'Mti. (305)nS>A lo.sGao.s 

As?7 7Ht. (306)pMA lo.i3Gao.B7As?Stt 
1. (307) pSA lo.sGao.sAs??-/ K*. (308) 
pg A 1 o. it G ao. as A s 3 7 FJB £>BiKM O C V 
DffiTxe^+^-v/HS^$-(i-S (B8 (a) ) . *Jg 
ttWTIi, C<Dfc£<Olfc!lftfr£, fi££iaK£72 0 
"C, K£ffi7Jl 5 0Torr fc-f£fcfct>K, I I Iff 
GCRKIiTMGa ( MJ^/Ptfy^.M fcilTTMA 

1 (h'J^^T/US-^A) 0*»*K5r. VJJUIR 
tCliAsHs . nlH-Ai/hCHiSe , pSH-m 
VhCDEZn (yiWy?) £. *-*l-F*UB>-> 

[0048] ©act, SffitCStffi»C VD^HJ: 0 (31 
2)SiO? JB$-#l£U $<5(C-f-«0±tC7* hU>-'^h 
5r^?B. 7 * < -xnZftL. 



[0 04 9)©*<0tt, CO^-J'S-'T^fcLT, 
( R I B ). tff» (312)SiOi JlJ-Bf*^. * 

ojsl i5i)!i<o*sv>iat»k«ajs<oiat:A4 oi2)s 

iO< «i££0&£U I5g8<0»\y£m ZB&tl 

«a<otttt»oi5kD (3i2) s i ot mmtxotzxv 

i-y^in^o. O&OXilZlX. 
10 f&ST&* (H8 (b) ) . 

[oo5 0]««vvt\ zvym&wsmz&it: oa) 

(312) S i o 2 mcr>&&<r&T. ftm *&&tl> 

«ft«Ott«S^Oiaii (307) pIA 1 «. 5 G ao. 5 A s 9 5 
•y FJB<0*<t>£?, IfcfcJfcSfcttiiiSKOiaii (305) n 
MA lo.»Gao.sAs ?5«y K0<O— 94TXvfy^ 
£fT$-5 (H8 (c) ) . d<0|R, *3ettWTIi, x-y 

20 E7J5X1 O-'Tor r, r7Xv§ia5L15E4O0 

y . x -/ * >7Vffl±T<r)-< ^ >-«sapJK4 0 0 u a/ 

c m* . KflaKfc 2 O-Cfclfto Tfr^ 0 £ 1 1 "f S . 
[005 1 ] $BfcSS£ (307)p£A lo.sGa 

o. sA s F)i<^4»iTL^x«/f->'^L : 0rv^ 

i/t^sz^tm^ijfinzBmx'^ h x o {c-rsfcw 
xhh. 

1 0 0 5 2 ] U^'X h fc fCSa^Sliiiftofc 
30 (313)Px^h$rflEfflL. $<»(C, Xvf-V-^^t L 
Tx v+y-nmizit LTSEK h*-Att(cg8 
StbTX-y-J-yrS-fTfc-jR I BE^S-fflV^CtCJ: 
0. iagL^ (320)*BtS£, «fi{CSB^ (314)#li 

^IgfctoTV^. 

® <XU, (307)pSA lo.5Gao.»As^7-yKJI 

- 11, i-f. (3l3)WvXh$-EOM5?, iXlC MBEffi 
40 ASV^iMOCVDffi^rfctCiO. (309)ZnSo.oeS 
eo.94ii^«*^i*^?^-i (08 (d) ) . 

[005 3] (312) S iOt Jffc<C*>±(rC 

^^teft«<OZnSSe$-|^*U. «^T. Affile 4 
^7(0 (311) S i Oi /a - S i 3TO*^)BKR3tftS: 
ttt'-AMMtzX «L R I EffiSfflv^H5-f 
x-z-f-vrT. ^3tSK^J: 9^"hSvtWM»BUT 
ffi 05&i . PSZKZmjR i y-<7)&&7 8 0 n mT<OR 
«*li9 5%JUJ:T'*)i. ^gJftWO (300)^ 

f Ttt Z n So. os Seen THitti/Uf (314) 
50 #8f*±£i (311)»««:^)BK5 7-Sr^-ri^fc 



(6) 



»t^P5-299779 



1 0 



[00 54] til. (32D^ffi«<oaffi<0— St (315) 
S i O2 S*§#jg£^t*-A3£QTJBJ£U 8i£2&8 
fficoRSW** jfcfc 8 7 0 n mT 1 0 %IUT£&& i o tC 
SJIJ-SH^r* (08 (e) ) 
®Zt>lZ. Q2l»mMt (321)«Sajg|5Sr^Sr& (32 
2)#&iQ£JBi£?-£fctf>fc:. WV (3l3)l^Xh£:-?* 
7£IX. RIBEftSrffl^r (307)pgA 1 o.sGa 
t.iAs7y-yYfa<m*>£TXv1->?'i:ffZo (0 
8(f)). 

[00 55] ©L*>S&fc:. (3ll)Bigft£JI&5 9- 
&tf (315) S i 0: ISgfWIJjtfKOSIffiC (310) pi* 

«-SLTfc<. 3£t (302)nSGaAsS«ffl{I (30 
l)nS?T-$-y:7^£5:3SS-f6 (09 (a) ) . *L 
X. Sat. Ni £fflS\4>T\ 4 0 0*C<OTo>f >-^?r 

[ 0 0 5 6 ]U±*)J: "5 07{c*LfcJ:35r (320) 
fcjfcSfc (321)l*aiStef*-?7t (300)®%^^* U- 

[00 57] iOidCLTfmUc^iefeWtf) (300) 
[00 58] frfc. ±3«>frJlttflT1i. G a A 1 As 

1 1 1 -vfia^)ffi^ts¥«ftv— rtcttfSicsffl 

T*. ftKlSttEUA 1 0»fi«:»i4if:T«Btt* 

[ o o 5 9 ] ifc. ^fmnaiXjKS^ficu-ifojG 

JflaBli. T'jy*. t*)80IRa«**fe 

■f. ^T^i^ruT-fV^rn. afifi36trct>£< 

[00 6 0] ^H&ffl^ffilfcftffl^SJfcW-- ffcfflwr 
feSL^-h^v-^ho-zw (APC) ®8&c7)« 
8805:121 0£jjrf. 

[0061] 

[ 0 0 6 2 ] itz . 7 * h *T4 *- I^>tf!ii5:ffi&3t¥ 



[00631 4/1. &tt¥*3(W30>Effl^7 ar h^>f * 
-Kfc«0H*afflaiC5rI I -VlM^JWfeiW 

[0064] 2t>tz. 7*hr-< jr-Ksa^sasu: 
[0065] ®£*m#i'— f i n<X7c«t:sss(ca 

X'S>b. 

[0a5tf>i3*&8WI] 

[0 1 1 1 tcabSffi^t^^V—f «0BfiS 

5r*rf#80T&&. 

[02] (a)-(f ) fct>tc. Hte0nCH£>£® 

20 ifcfc^gjfcw— f<nsffixni:*-tmmz'bh. 

[03] HMlMlfc:Hi?6BDJbC i W*l'— 
. ^r-xtC3IJIL«:lil<O-0<I«r^L^jai350T*)i. 
[04 ] 1 fc:rai5iffi«5t i l^«cl'-if <0W 

[05] mm 2 £ B9*> S E^Tt^tic U — f cOSrffi 
$-iirf#80T£>6. 

[06] (a) - ( f ) i:t,tdlteM2t:Sfciffi 

3o [07] 3£®hh m^ft^mt^ ^--f^-t 
[08] (a) - ( f ) tuz.m&msizmhbm 

[09] (a)li. ^WlSCiabiffl^*^^ 

— if osiJiia$-srf Biffi0rft o . 08 ( 1 ) 

«S<0TI)«. 

[0103 ^mpm^m^^—fim^x 

imitct-b^'W^hybv-tl' (APC) IlJ88<08a 
G50T-&&. 

40" [011] tJ^W^SJ^W-f <7>— WSr^-r^mHT- 

1 01. 201. 30 1. 40 1 
S 

102. 202. 302. 402 
1 03. 203. 303. 403 
7ri 

1 04. 204. 304, 404 
$7- 

50 1 05.205.405 nSAl1.4Gao.tAs? 



nfGaAsSS 
nSGaAsA'7 



1 1 

106. 206. 406 pSGaAsgttM 

107.207.407 plAlo.4Gao.fAs? 

7 7H« 

108. 208. 408 plAlo.1Gao.9As 

109. 209. 309. 409 ZnSo.osSe 

110. 210. 310. 410 pl^-S-y^t 
S 

111. 211. 311. 411 SS«#£«RS7 



112.212.312 S iO« 



(7) «HH I 5-299779 

1 2 

113. 213. 313 

215. 315 S iOt ftVfe* 

314 Km* 

305 n£A lo.sGao.sAs^^'rHJI 

306 pSAlo. uGao.87As$Sti/I 

307 pfiAIo.»Gao.5As?7i'Kl 

308 pSAlo.isGae.JsAsa^^KJI 

120. 220. 320 JfeJtiS 

121. 2 21. 3 2 1 

10 12 2. 2 22. 32 2 7>f«* 

1 2 3 V—*fft 

124 iiv* 



[02] 



100 




[04] 



<a> 



YSSSSSSSSj 



106 
107 
100 
105 

^>103 
^102 



(b) 



12 
108 
^07 




sssssssss* 



<•) 

120^/22^121 

13 

■407 



YXSSSSSSSs 



(c) 



120 




1 12 

108 
K 100 

Jmo7 



mm 



YSSSSSSSSj 



M07 





tu 



1 2 3 4 



[09] 



(a) 

3U^ 2 «L-? 2 Ul5 



10 

w -08 

:s>~8oo 



+-902 
-30 1 



(8) 



#68*5 - 2 9 9 7 7 



[03] 



[05] 




200 



120 



124 



121 



200 




[06] 



* i 



[07] 



(a) 



^208 



^-206 



YSSSSSSSSj 




(b) 



YSSSSSSSSj 



_05 

^203 
02 



213 

212 
208 
07 




300 



>€0© 



YSSSSSSSSj 



220^^222^221 




T-213 
07 



YSSSSSSSSj 





-201 




[010] 





j 



Japanese Kokai Patent Application No. Hei 5 [1993] -299779 



♦ » r j 

SURSURFACE LIGHT-EMITTING SEMICONDUCTOR LASER 

Katsuki Mori 



UNITED STATES PATENT AND TRADEMARK OFFICE 
WASHINGTON, D.C. DECEMBER 1997 

TRANSLATED BY THE RALPH MCELROY TRANSLATION COMPANY 



Code: PTO 98-0854 



JAPANESE PATENT OFFICE 
PATENT JOURNAL 
KOKAI PATENT APPLICATION NO. HE I 5 [ 1993] -299779 

Technical Disclosure Section 



Int. CI. : 



H 01 S 3/18 
H 01 L 27/15 
31/10 
H 01 L 31/10 



Sequence Nos. for Office Use: 



8934-4M 
8422-4M 



Application No. : 
Application "Date 



Hei 4[1992]-103065 
April 22, 1992 



Publication Date 



November 12, 1993 



No. of Claims: 



3 (Total of 9 pages) 



Examination Request: 



Not requested 



SURSURFACE LIGHT-EMITTING SEMICONDUCTOR LASER 

[MEN HAKKOKEI HANDOTAI RE^A] 



Inventor: 



Katsuki Mori 



Applicant : 



Epson-Seiko Co., Ltd 



[There are no amendments to this parent.] 



* 



Claims 



1 . A surface light-emitting semiconductor laser 
characterized by the fact that in a surface light-emitting 
semiconductor laser which has a resonator formed in the direction 
perpendicular to a semiconductor substrate so that a light is 
emitted in the direction perpendicular to said semiconductor 
substrate and in which at -least one layer of the semiconductor 
layers that form said resonator is formed in a columnar shape, a 
photodiode with the same structure as that of the above-mentioned 
resonator is formed on the same substrate of the above-mentioned 
semiconductor substrate; that an electrode is formed on part of 
the surface of the above-mentioned photodiode; that the rest of 
the surface is exposed; that the above-mentioned resonator and 
the above-mentioned photodiode are separated by a separating 

groove. - 

2. The surface light-emitting semiconductor laser of Claim 1 
characterized by the fact that an epitaxial layer of a group II- 
VI compound semiconductor is embedded between the circumference 
of the above-mentioned columnar semiconductor layer and the 
above-mentioned photodiode . 

3. The surface light-emitting semiconductor laser of Claims 
1 and 2 characterized by the fact that an electrode is formed on 
part of the surface of the above-mentioned photodiode and that a 
dielectric layer is formed on the rest of the surface. 



'Numbers in the right margin indicate pagination in the foreign 
text . 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a surface light-emitting 
type semiconductor lase£ which oscillates a laser beam in the 
vertical direction of a substrate. 

[0002] 
Prior art 

As a surface light-emitting type semiconductor laser having 
a resonator in the vertical direction of a substrate 
(hereinafter, described as a surface light-emitting semiconductor 
laser) , for example, a semiconductor laser presented in the 
lecture preprints of the 50th Scientific Lecture Meeting of the 
Society of Applied Physics, No. 3, p. 909, 29a-ZG-7 (issued on 
September 27, 1989) is known. 

[0003] 

In such a surface light-emitting type semiconductor laser, 
an embedding layer is constituted by a p-n junction layer 
composed of a p-type AlGaAs layer and a n-type AlGaAs layer. The 
reason for this is that a current is prevented from flowing to 
the parts other than the p-type GaAs active layer. 



[0004] 



On the contrary, this ' applicant has already proposed a 
surface light-emitting semiconductor laser in which such an 
embedding layer is formed only by an epitaxial layer of a group 
II-VI compound semiconductor of one layer (Japanese Patent 
Application No. Hei 2(19901-242000). In such a surface light- 
emitting semiconductor laser, since the resistance of the 
embedding layer can be increased, a sufficient current can be 
strangulated, and matching of the interfacial position with a 
columnar area is not required. 

[0005] 

In the surface light-emitting semiconductor laser, as shown 
in Figure 11, first,* on a n-type GaAs substrate (402), n-type 
GaAs buffer layer (403), distributed reflection-type multilayer 
film mirror (404), n-type Alo.4Gao.5As clad layer (405), p-type 
GaAs active layer (406), p-type Alo.4Gao.5As clad layer (407), and 
p-type Alo.1Gao.9As contact layer are sequentially deposited, and 
the p-type Alo.4Gao.5As clad layer (407) and the p-type Alo.1Gao.9As 
contact layer (408) are vertically etched while leaving a 
columnar area. Furthermore, a ZnS 0 . 0 6Se 0 .94 is formed and embedded 
around the columnar area, and a dielectric multilayer film mirror 
(411) is vapor-deposited on the area, which is slightly smaller 
than the columnar diameter, on the upper surface of the p-type 
Alo.1Gao.9As contact layer (408). Finally, a p-type ohmic electrode 
(410) and a n-type -o hmic electrode (401) are formed. 



[0006] 



Problems to be solved by the invention 



in such a surface light-emitting semiconductor layer in 
order to control a light output, it is desirah,. , 
auto power control .hereinafter ™r " 

an output light intensify of the se^iconlctor la er 1 coT', 
a driving current In t-ha, ^ d cont rols 

semiconductor layer and a ™ 10Ml • «■*> —ing . 

different, and these two ch ' " «*•"**«■• 

return light of ' u p!/ 1 gV'"^?" * 
oart nf t-h a. 6 sen "-conductor laser or 

circuit w ° U9ht d6teCted by the Pnotodiode. 

circuit was constituted in this manner. 



[0007] 



The surface light-emitting semiconductor laser as ,h 
Figure 11, emits a laser beam in i ' Sh ° Wn ln 

to a substrate Therefl 7 directio * Perpendicular 

" ace - Therefore, a method, which -ma-* t 

two direction, uses one laser beam * b6amS in 

uses the other laser b!a ' laS6r beam ' an * 

face emi J " " m ° nit0r like a conventional end 

Thei;:::":: h ype semic ° nduct ° r ^> ~ used , 

-sir" ^ ^ ^ semiconductor laser, the 

- -/beam, 1™"^**' ~ 



[0008] 



However, according to the review of the inventor, if the 
above-mentioned method is used, the following problems are 
caused . 

[0009] 

(1) The semiconductor chip constituting the surface light- 
emitting semiconductor laser and the semiconductor chip 
constituting the photodiode for monitoring the quantity of light 
must be separately mounted on one package. Therefore, the yield 
of the mounting process, individual precision adjustment, 
characteristic check, etc., deteriorate the total yield or the 
characteristics, so that the manufacturing cost is raised. 

[0010] 

(2) Since the surface light-emitting semiconductor laser 
chip and the photodiode chip are separately mounted and 
constitute one element, the element cannot be made small. Also, 
the enabling of a free two-dimensional array that is a 
characteristic feature of the surface light-emitting 
semiconductor laser is largely restricted, since the photodiode 
must be separately mounted. 

[0011] 



The present invention solves such problems, and its purpose 
is to provide a semiconductor laser with a structure which has 



hi gh reliability fa 

semiconductor l aser tSriStics of a surface U aht * yield ' do ** 



f00l2] 



Means to solve t-ho 

° 1Ve the Problems 

lxle 5? M * 



ine surface lioht 
P^sent invention is ' emittin * ^conductor laa . . 

iight-emittinn cha «cteri 2e d by the , ° f the 

matting semiconductor i fact that in a * 

the *h Photodiode with rK 18 form ed in a 

Cfte abov e-mentioneri the sa *e stn,^ 

th « «. rest = f th ? 3 : r u ! fa « °< «- -ove- me „ t ; n ;; e h iectr °^ 

resonator and 7 Sucfa « « exposed; that f h " h °t°«iode; 



"—tor and the " e SU " a « *• exposed; that th ' Ph ° todi °* 

«p« atlng 9ro c v he mentioned Photodiodl a : e \: p b ;; e t ":; ntion 

[0013J 

Also, it i s oh 

^ <* . group Ir v r : Ct " iZea ^ the f «« that an 

t^ =irou mferenc V 0 f t h COmP °^=--ond U otot ■ . epit «^ .. 

U "« and the abo "* """—entioned co ,° embMd «' "etween 

above- mantioned « co iuamar se,„ icondllctor 
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[0014] 



Also, i t is characterize k 
f orn,ed on part of zeriz ^ by the f ac t that *n , 

[0015] . ° f the ^rface 



[0015] 
function 



According to the 

"ample, a u h » emitting semiconductor i. 

a " °"t 0 o ing wi „ dow " 9 "«««.d at the i nside „, 

package can ° " ^ht-emittina t " ^ ° f 

«Posed part i," lntrMu «d into th. ' ! tyPe "^conductor 
«n be d ft" ph «^iode surface f ° t0di ° d * ^om the 

«ed : s d r:- r? th * r tity ° f 

* nd the detecting part 9 ^ COns ^ting of th aShl ° n - 

emi tting part tQ P ratin 9 groove, i eaking u * Can be 

rea <* the detectin h ° riZOntai Erection of th ^ the 

3urface lig ht T and <*• output la SUbs trate cannot 

d and trolled. IaSer be directly 
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Also, the photodiode does not „ 
the semiconductor User structure " k * and 
Photodiode structure by drivina \k , " " " as a 

structure as that of the reso t " ^ — 

semiconductor laser in . b.cZrl^TJT'''^ U * t --*"i a9 
special processes, etc / f ashron. Therefore, 

quired, and the ^^J^^' «" <*>°™°* are not 
-anufactured » Uh hioh ' 9 ' enuttl "9 laser can be 
substrate. ^ de " Slty " d "*> /"Id on the sa m . 



[0017] 



If an epitaxial layer of a group VT 
semiconductor is embedded between th! C ° mP ° Und 
columnar semiconductor layer and th. k ° f the 

- the hi gh -resistance emLd ng Tyel lTT ' ' ""^ 
electric element separation of the surf T 

semiconductor laser and the photodiod^ ^^T^"' 

uxoae is simply enabled. 



Furthermore, the deform • ) 
'o™in g a dielectric layer C^Z^ ^ 
exposed part of the photodiode sur £aC e """""" « «- 



[0019] 



Application examples 



ap P U «"°" of the present invention are 

explained using the figures. 



f0020] 



Application Examp le 1 

lioht ^ll 1 15 " ° bliqUe Sh ° Uin9 a «ction of a 

light-emitting part and a detectina „. . 



[0021J 



Next, the constitution and the manufacturing process of «-h* 
semiconductor laser noni «f «.u- , process of the 

exnl . . " (1 ° 0) of thls application example are 

explained according to Figures 2 (a) -(f). 



[0022] 



(1) First, a n-type GaAs buffer layer (103) i «= f 
n-type GaAs substrate (102) and ,n ■ * ° n 3 

reflection-type multil ' r fil ° £ dlStribUted 

reflectivity of 98% or"— mirr ° rS (1 ° 4) ' haVe * 

wavelength of 870 1 I d " 3 ^ ° f 3 

9th 870 nm and are composed^ a n-type Al 0 . 7 Ga 0 3As 



layer and a n-type Alo.1Gao.9As layer, are formed. Then, n-type 
Al0.4Ga0.eAs clad layer (105), p-type GaAs active layer (106), 
p-type Al0.4Ga0.eAs clad layer (107), and p-type Alo.1Gao.9As contact 
layer (108) are sequentially epitaxially deposited by a MOCVD 
method (Figure 2(a)). At that time, in this application example, 
the deposition temperature is 700°C and the deposition pressure 
is 150 torr. As a group III raw material, an organic metal of 
TMGa (trimethyl gallium) and TMA1 (trimethyl aluminum) is used, 
and as a V group raw material, AsH 3 is used. As a n-type dopant, 
H 2 Se is used, and a p-type dopant, DEZn (diethyl zinc) is used. 

< 

[0023] 

(2) Next, a Si0 2 layer (112) is formed on the surface by a 
thermal CVD method. Furthermore, the p-type Al0.4Gao.eAs clad layer 
(107) is etched up to its halfway by a reaction ion-beam etching 
method (hereinafter, described as "a RIBE method") while leaving 
the columnar light-emitting part and the columnar detecting part 
covered with a resist (113) (Figure 2(b)). At that time, in this 
application example, as an etching gas, a mixed gas of chlorine 
and argon is used. The gas pressure is 

1 x 1CT 3 torr, and the leading voltage is 400 V. Here, the reason 
why the p-type Al0.4Ga0.eAs clad layer (107) is etched up 
to its halfway is that the structure for confining an injecting 
carrier and a light in the horizontal direction of the Active 
layer is a rib waveguide type refractive index waveguide 
structure . 



0024] 

(3) Next, an embedding layer is formed on the p-type 
Al0.4Ga0.eAs clad layer (107) . For this reason, in this application 
example, first, the resist (113) is removed, and a ZnS 0 .o6Se 0 .94 
layer (109) is embedded and deposited by a MBE method or MOCVD 
method (Figure 2(c)). 

[0025] 

(4) Next, the Si0 2 layer (112) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (111) are formed on 
the surface of the contact layer (108) by an electron-beam vapor 
deposition and removed by a dry etching using a reactive ion 
etching method (hereinafter, described as n a RIE method") while 
leaving the area slightly smaller than the diameter of the light- 
emitting part (Figure 2(d)). The reflectivity of the dielectric 
multilayer film mirror at a wavelength of 870 nm is 94%. 

[0026] 

(5) Furthermore, in order to form a separating groove (122) 
for separating a light-emitting part (120) and a detecting part 
(121), the p-type Al0.4Ga0.eAs clad layer (107) is re-etched up; to 
its halfway by the RIBE method using the resist (113) as a mask 
(Figure 2(e)). 



G' 
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(6) Next, on the surface other than hh a , 

-tH the light-emitting al a„ ^c^?" 10 ^ * """" 
detecting part are seoarat.d . \t eUC "° de ln cont ^ ""h the 
provided „L current HerT th * " 1 —P«"'«tly 

surface Of the detecting part is e - r r 

ntrluc d e ! emit " d fl ° m the "*t— Ittln," part is 

xntroduced xnto the detecting part fro. the surface ail 

Furthermore, a n-type ohmic eiectrode (1011 (. 

- n-type , 1Ms sm (10 t " r rjirr - ::; sited on ■ 

^naliy. al loyin9 a t is carried out in a * at JsX're. 



[0028] 



With the above process, the surface light-emittina 
semiconductor laser (100, having the liaht-I»L 
with a rib waveguide structure and the de e cL ' ^ (120> 
the same structure as that of the Ixght-^tti (121> 
Figure 1 can be obtained. ' " Sh ° Wn in 



[0029] 



Vhe su face . „ " ' '"^-^owing an example in case 

the surface Ught-enuttin, semiconductor laser of this 
application example is mounted in the parage. Part o a laser 



beam (123) emitted from the light-emitting part (120) is 
reflected by a glass (124) and introduced into the detecting part 

(121) . 
[0030] 

Figure 4 shows a relationship between the driving current 
and the oscillating light output for the light-emitting part of 
the surface light-emitting semiconductor laser of this 
application example and a relationship of the current flowing to 
the detecting part at that time. A continuous oscillation was 
achieved at room temperature, and the threshold current was as 
low as 1 mA. Also, the current flowing to the detecting part is 
seldom measured at less than the threshold current, and there is 
no influence of leaking light in the horizontal direction from 
the light-emitting part. Since -the- laser oscillation is started 
at more than the threshold current, the laser beam being 
reflected at the inside of the glass of the outgoing window of 
the package enters the detecting part, and the current flowing to 
the detecting part is also increased. In this application 
example, at a light output of 1 mW, the amount of current flowing 
to the detecting part was 40 pA, which could be detected, however 
the detection sensitivity could be improved by applying a 
backward bias to the pn junction constituting the detecting part. 

[0031] 



Application Example 2 

Figure 5 is an oblique view showing a cross section of the 
light-emitting part and the detecfting part of a semiconductor 
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laser (200) in a second application example of the present 
invention. Also, Figures 6 (a) -(f) are cross sections showing a 
process for manufacturing the semiconductor laser (200) in said 
application example. 

[0032] 

The semiconductor, laser (200) of this application example is 
different from that of the above-mentioned Application Example 2 
in that both the light-emitting part and the detecting part are 
formed in a columnar shape from a p-type Alo.1Gao.9As contact layer 
(208) to part of a n-type Al0.4Ga0.sAs clad layer (205) . 

[0033] 

Next, the constitution and >the manufacturing process of this 
application example are explained according to Figures 6 (a) -(f). 
[0034] 

(1) First, a n-type GaAs buffer layer (203) is formed on a 
n-type GaAs substrate (202), and 30 pairs of distributed 
reflection-type multilayer film mirrors (204) , which have a 
reflectivity of 98% or more to a light in the vicinity of a 
wavelength of 870 nm and are composed of a n-type AlAs layer and 
a n-type Alo.1Gao.9As layer, are formed. Then, n-type Alo.4Gao.6As 
clad layer (205), p-type GaAs active layer (206), p-type 
Alo.4Gao.6As clad layer (207), and p-type Alo.1Gao.9As contact layer 
are sequentially epitaxially deposited by the MOCVD method 
(Figure 6(a)). At that time, in this application example, the 
deposition temperature is 700°C,~and the deposition pressure is 



.150 torr. As a group III raw material, an organic metal of TMGa 
(trimethyl gallium) and TMA1 (trimethyl aluminum) is used, and as 
a group V raw material, AsH 3 is used- As a n-type dopant, H 2 Se is 
used, and a p-type dopant, DEZn (diethyl zinc) is used. 

[0035] 

(2) Next, a Si0 2 layer (212) is formed on the surface by the 
thermal CVD method. Furthermore, the n-type Alo.^Gao.eAs clad layer 
(205) is etched halfway by the RIBE method while leaving the 
columnar light-emitting part and detecting part covered with a 
resist (213) (Figure 6(b)). At that time, in this application 
example, as an etching gas, a mixed gas of chlorine and argon is 
used. The gas pressure is 1 x 10" 3 torr, and the leading voltage 
is 400 V. 

[0036] 

(3) Next, an embedding layer is formed on the etched area. 
For this reason, in this application example, first, the resist 
(213) is removed, and a ZnS 0 .o6Se 0 .94 layer (209) is embedded and 
deposited by the MBE method or MOCVD method (Figure 6(c)). 

[0037] j 

(4) Next, the Si0 2 layer (212) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (211) are formed on 
th~^~surface of the contact layer (208)— by^electron-beam vapor 
deposition and removed by a dry etching using the RIE method 
while leaving the area slightly smaller than the diameter of the 



light-emitting part. The reflectivity of the dielectric 
multilayer film mirror at a wavelength of 870 nm is 94%. 
Furthermore, a Si0 2 dielectric layer (215) is formed on part of 
the surface of a detecting part (221) by electron-beam vapor 
deposition, and the film thickness is controlled so that the 
reflectivity rate of the detecting part surface can be 10% or 
less at a wavelength of 870 nm (Figure 6(d)). 

[0038] 

(5) Furthermore, in order to form a separating groove (222) 
for separating a light-emitting part (220) and the detecting part 
(221), the p-type Al 0 .4Ga 0 .6As clad layer (207) is re-etched 
halfway by the RIBE method using the resist (213) as a mask 

( Figure 6(e)). 

[0039] 

(6) Next, on the surface other than the dielectric 
multilayer mirror (211) and the Si02 dielectric layer (215), a 
p-type ohmic electrode (210) is vapor-deposited. At that time, an 
electrode in contact with the light-emitting part and an 
electrode in contact with the detecting part are separated so 
that they can be independently provided with current. ; 
Furthermore, a n-type ohmic electrode (201) is vapor-deposited on 
the n-type GaAs substrate (202) (Figure 6(f)). Then, finally, 
alloying at 400°C is carried out in a N 2 atmosphere. 



@ 
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[0040] 

With the above process, the surface light-emitting 
semiconductor laser (200) having the light-emitting part (220) 
with an embedded structure and the detecting part (221) with the 
same structure as that of the light-emitting part as shown in 
Figure 5 can be obtained. 

[0041] 

In the surface light-emitting semiconductor laser. (200) of 
this .application example prepared in this manner, similarly to 
the above-mentioned Application Example 1, the threshold current 
was as low as 1 mA, and the surface light-emitting semiconductor 
laser, which can control the laser beam output by the current 
flowing to the detecting part, was obtained. 

[0042] 

Also, in this application example, the reflected light could 
be detected with favorable efficiency by installing the 
dielectric layer on the detecting part surface so that the 
reflectivity at an oscillation wavelength could be 10% or less. 
Thus, the detection sensitivity could be improved. } 

i-> . 

[0043] 



IffApplication Examples 1 and 2, the ZnSo.oeSeo.94 layer, 
which is a group II-VI compound semiconductor, is used as the 
embedding layer, so that an electric element separation of the 




t - 

V 



light-emitting part and the detecting part is enabled by a 
monolayer in terms of high resistance. 
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[0044] 



Application Example 3 

Figure 7 is an oblique view showing a cross section of the 
light-emitting part and the detecting part of a semiconductor 
laser (300) in a third application example of the present 
invention. Figures 8 (a) -(f) and Figure 9(a) are cross sections 
showing a process for manufacturing the semiconductor laser (300) 
in said application example. 

[0045] 

The semiconductor laser (300) of this application example is 
different from that of the above-mentioned Application Examples 1 
and 2 in that a p-type Al 0 . s Ga 0 .5As clad layer (307) forms the 
light-emitting part by several columnar parts which are mutually 
separated by separating grooves. 

[0046] 

Next, the constitution and the manufacturing process oi this 
application example are explained according to Figures 8 (a) -(f) 
and Figure 9(a). 



r [0047] 

(1) First, a n-type GaAs buffer layer (303) is formed on a 
n-type GaAs substrate (302), and 25 pairs of semiconductor 
multilayer film mirrors (304), which have a reflectivity of 98% 
or more to a light of i 30 run centering around a wavelength of 
780 nm and are composed of a n-type Al 0 .9Ga 0 .iAs layer and a n-type 
Alo.2Gao.9As layer, are formed- Then, n-type Alo.5Gao.5As clad layer 
(305), p-type Alo.13Gao.e7As active layer (306), p-type Alo.5Gao.5As 
clad layer (307), and p-type Alo.15Gao.s5As contact layer (308) are 
sequentially epitaxially deposited by the MOCVD method .( Figure 
8(a)). In this application example, as the deposition conditions 
at that time, the deposition temperature is 720°C and the 
deposition pressure is 150 torr. As a group III raw material, an 
organic metal of TMGa (trimethyl gallium) and TMA1 (trimethyl 
aluminum) is used, and as a group V raw material, AsH 3 is used. 

As a n-type dopant, H2Se is used, and a p-type dopant, DEZn 
(diethyl zinc) is used. 

[0048] 

(2) Next, a Si0 2 layer (312) is formed on the surface by a 
normal-pressure thermal CVD method. Furthermore, a photoresist is 
spread on it and subjected to a photolithography process, so/ that 
the required pattern is prepared. At that time, the state in 
which the side surface of the resist pattern is perpendicular to 
the substrate surface is adopted. After the preparation, heating 
is not carried out at a temperature at which the side surface is 
dragged. 



[0049] 



(3) Next, the Si0 2 layer (312) is removed by the reaction 
ion etching (RIE) using the pattern as a mask and a CF< gas as an 
etching gas. At that time, the Si02 layer between the light- 
emitting part and the detecting part having a large gap is 
completely removed and etched while leaving the Si0 2 layer (312) 
between several columnar parts for forming the light-emitting 
part having a narrow gap. Thus, a resist (313) having a side 
surface perpendicular to the substrate and a pattern composed of 
the Si0 2 layer (312) can be prepared while holding a required 
pattern shape (Figure 8(b)). 

[0050] 

(4) Next, etching is carried out by the RIBE method using 
the resist (313) having the vertical side surface as a mask while 
leaving the columnar light-emitting part and detecting part. At 
that time, etching is carried out halfway on the p-type 
Alo.5Gao.5As clad layer (307) between several columnar parts for 
forming the light-emitting part and up to the part of the n-type 
Alo.5Gao.5As clad layer between the light-emitting part and the 
detecting part (Figure 8(c)) by the difference of existence of 
the Si0 2 layer (312) . At that time, in this application example, 
as an etching gas, a mixed gas of chlorine and argon is used, and 
the gas pressure is 5 x 10~ 4 torr. The plasma leading voltage is 
400 V. The ion current density on the etching sample is 400 
pA/cm , and the sample temperatur e is held at 20°C. 



/ 2: 

/ [0051] 

Here, the reason why the p-type Alo.5Gao.5As clad layer (307) 
is etched up to its halfway is that the an injecting carrier and 
a light in the horizontal direction of the active layer are 
confined by a rib waveguide type refractive index waveguide 
structure, so that part of the light in the active layer can be 
transferred in the horizontal direction of the active layer . 

[0052] 

Also, using the resist (313) having a vertical side surface 
as a resist and using the RIBE method for etching by irradiating 
ions in a beam shape perpendicularly to the etching sample as an 
etching method, the adjacent light-emitting part (320) can be 
separated by the separating groove (314) perpendicular to the 
substrate. At the same time, a vertical light resonator required 
to improve the characteristics of the surface light-emitting type 
semiconductor laser can be manufactured. 

(5) Next, an embedding layer is formed on the p-type Alo.5Gao.5As 
.clad layer (307) . For this reason, in this application example, 
first, the resist (313) is removed, and a ZnSo.oeSeo.94 layer (309) 
is embedded and deposited by the MBE method or MOCVD method 
(Figure 8 (d) ) . j 

[0053] 

(6) Next, the Si0 2 layer (312) is removed, and a 

polycrystalline ZnSSe [layer] formed^on it is removed. Then, four 
pairs of Si0 2 /a-Si dielectric multilayer film reflecting mirrors 



(311) are formed on the surface by electron-beam vapor deposition 
and removed by dry etching using the RIE method while leaving the 
area slightly smaller than the diameter of the light-emitting 
part. The reflectivity of the dielectric multilayer film mirror 
at a wavelength of 780 nm is 95% or more. Here, in the 
semiconductor laser (300) of this application example, since the 
dielectric multilayer film mirror is also prepared on the 
separating groove (314) embedded by the ZnS 0 .o6Seo.94f a vertical 
resonator structure is also formed in the area sandwiched by the 
light-emitting part. Therefore, the light leaked to the 
separating groove (314) also contributes effectively to the laser 
oscillation, and since the leaked light is utilized, the light 
synchronous with the phase of the light-emitting part (320) is 
emitted. 

[0C54] 

Also, the Si0 2 dielectric layer (315) is formed on part of 
the surface of the detecting part (321) by electron-beam vapor 
deposition, and the film thickness is controlled so that the 
reflectivity of the detecting part surface can be 10% or less at 
a wavelength of 870 nm (Figure 8(e)). 

(5) Furthermore, in order to form a separating groove (322) for 
separating the light-emitting part (320) and the detecting part 
(321), the p-type Al 0 . 5 Ga 0 .5As clad layer (307) is re-etched 
halfway by the RIBE method using the resist (313) as a mask 
(Figure 8(f)). 



/[0055] 

(6) Next, on the surface other than the dielectric 
multilayer mirror (311) and the Si0 2 dielectric layer (315), a p- 
type ohmic electrode (310) is vapor-deposited. At that time, an 
electrode in contact with the light-emitting part and an 
electrode in contact with the detecting part are separated so 
that they can be independently provided with current. 
Furthermore, a n-type ohmic electrode (301) is vapor-deposited on 
the n-type GaAs substrate (302) (Figure 9(a)). Then, finally, 
alloying at 400°C is carried out in a N 2 atmosphere. 

[0056] 

Thus, the surface light-emitting semiconductor laser (300) 
having the light-emitting part (320) and the detecting part (321) 
s that of the light-emitting part as shown in Figure 7 can be 
obtained. 

[0057] 

In the surface light-emitting semiconductor laser (300) of 
this application example prepared in this manner, similarly to 
the above-mentioned Application Examples 1 and 2 f a laser oujtput 
beam could be detected by the detecting part with the same 
structure as that of the light-emitting part. Also, the detection 
sensitivity could be improved by applying a backward bias to the 
pn jun ctio n constituting the detecting part; 
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semiconductor substrate as the semiconductor substrate 
constituting the surface light-emitting semiconductor laser. 

•[0062] 

Also, with the same structure of the surface light-emitting 
semiconductor laser as the structure of the photodiode, since a 
special manufacturing process for housing the photodiode is not 
necessary, the surface light-emitting semiconductor laser with 
high reliability and high yield could be simply prepared. 
[0063] 

Also, an electric element separation of the surface 1-ight- 
emitting semiconductor laser and the photodiode is simply enabled 

m 

by embedding an epitaxial layer of a high-resistance II-VI group 
compound semiconductor between the 'Circumference of a Columnar 
semiconductor layer and the photodiode. 

[0064] 

The detection precision could be improved by forming a 
dielectric layer for lowering the reflectivity on the exposed 
part of the photodiode surface. 

[0065] 

In particular, in the case the semiconductor laser is two- 
dimensionally integ rat ed with high density and arrayed, since the 
number of photodiodes can be reduced, the present invention is 
very useful. 
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Figure 1 is an oblique view showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 1 . 

Figures 2 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 1- : 

Figure 3 is an outlined diagram showing an example in case 
the surface light-emitting semiconductor laser of Application 
Example 1 is mounted in a package. 

Figure 4 shows a relationship between the driving current 
and the oscillating light output of the surface light-emitting 
semiconductor laser of Application Example 1 and a relationship 
of the current flowing to the detecting part at that time. 

Figure 5 is an oblique vi6w Showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 2 . 

Figures 6 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 2. 

Figure 7 is an oblique view showing a cross section of the 
surface light-emitting semiconductor laser of Application 
Example 3 . ) 

Figures 8 (a) -(f) are cross sections showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 3. 

Figure 9(a) i s a cr oss section showing a process for 
manufacturing the surface light-emitting semiconductor laser of 
Application Example 3 and is a diagram subsequent to Figure 8(f)- 
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Figure 10 shows an outlined diagram showing an auto power 
control (APC) circuit manufactured using the surface light- 
emitting type semiconductor laser of the application example. 

.Figure 11 is an oblique view showing an example of a 
conventional semiconductor laser. 
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